Chapter 1:Project Overview

1. PROJECT OVERVIEW

1.1 Scientific Frontiers Available for Exploration by eRHIC

The tremendous growth of knowledge about the fundamental structuratter during the 20
century culminated in the 1970s with the emergence of the Standard. Midae Standard Model is
an elegant theoretical framework based on experiment, which destiréostructure of all matter in
terms of point-like particles interacting by the exchange ofygabosons. The point particles are
termed leptons (electrons, neutrinos, etc.) or quarks (up, down, stranpandtthree types of gauge
bosons; photons, weak bosons (W, Z), and gluons. Leptons can only exchange photcals or we
bosons while the quarks may also exchange gluons. In addition, gluons,pindtkas, can interact
with each other. The force governing the interaction of quarks laodsyis called the strong force.
It is responsible for the structure of nucleons and their comgsigiigtures, atomic nuclei, as well as
neutron stars.

Nucleons were born in the first minutes after the "Big Bangt] #heir subsequent synthesis into
nuclei goes on in the ever-continuing process of nuclear syntheders. Nuclear matter makes up
most of the mass of the visible universe. It is the stuff tfeMes up our planet and its inhabitants.
Nuclear matter was once remote and difficult for humans to sicbesin the latter half of the 90
century, understanding nuclear matter and its interactions becami@lcto research in nuclear
physics and important to research in energy, astrophysics, and defense.

An essential goal of present day research is to investayateunderstand the strong interactions
between quarks and gluons that underpin the structure and interactionseohawand nuclei. The
proposed electron-ion collider at BNL (eRHIC) is the essemi&dt step needed to study the
fundamental states of matter. We believe that it must berootest by the end of the present decade
to continue progress in this vital field of science.

1.1.1 Background and Scientific Questions

It is widely accepted that QCD is the exact theory ofdfieng interaction. QCD has a unique
standing among all components of the Standard Model. It is the oy ttieat is not singular at
short distances. The phenomenon of confinement ensures that QCE8ll-iselaved at large
distances. Thus, QCD appears to be the only self-consistent nontrivial quantum @gld the

One of the greatest achievements of particle physics ovela#he30 years was a quantitative
verification of QCD in very hard collisions; those that occur hert distances at least 10 times
smaller than the size of the proton. In hard collisions, the confin@désjand gluons act as if they
are free particles exhibiting many properties that can bdigied by perturbative QCD (pQCD).
However, when the interaction distance between partons (constituetite ofucleon) becomes
comparable to or larger than the typical size of hadrons (pions anchetheer constituents that take
part in the strong interaction), the partons are no longer fiideey are confined by the strong force
that does not allow observation of any free "colored" object. Inrégsne where most hadronic
matter exists, many of the symmetries of the underlyingkggiaon theory are hidden and simple
calculation methods are no longer valid. This is a fascinatimy+bady problem where very strong
forces obscure the relationship with the simple underlying thebhyderstanding the relationship
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between the quark-gluon degrees of freedom and the hadrons that contaiis the most urgent
challenge to any future experimental prograrthendomain of the strong interaction.

The most important difference between the theory of electrortiagnieractions, Quantum Electro-
Dynamics (QED), and QCD is that gluons interact with each ethge photons do not interact with
other photons. This built-in non-linearity (non-Abelian structure) maBED calculations and
theoretical predictions difficult, except in the high-energy t(pbative) or short space-time limit.
The technical difficulties encountered in calculating QCD at#mronic scale may be overcome by
the use of lattice gauge calculations employing speckickbsigned powerful "tera-flop" computers.
Over the next decade we expect that numerical computations o2 extended into the non-
perturbative regime. At that time, the properties of nucleons anéinud have a quantitative
foundation in the fundamental theory. However, even at that time, aperpes of hadrons at high
energies will be well beyond the reach of the fastest congput€he thrust of this proposal is to
provide physicists with an experimental tool that can explortalpartonic manifestations of QCD
in nucleons and nuclei as well as explore the space-time structure of confinement
Experimentally, the quark substructure of the nucleon was fivetaled through electron-proton
Deep Inelastic Scattering (DIS) experiments that took @atee Stanford Linear Accelerator Center
(SLAC) in the early 1970s. These experiments earned a Noizel fer Friedman, Kendall, and
Taylor. In a DIS collision, the electron transfers a lang@unt of energy and momentum. This
energy and momentum is taken up by one of the quarks present imotbe. piThe struck quark
carries a fraction of the proton's momentum, denoted tich is readily determined by the energy
and momentum transferred in the collision. By varying the kinematicthe large momentum
transfer scattering, on can measure the quark distribution as a function of thextitonom

A great deal has been learned since, at CERN, SLAC, FeramdDESY, about the quark and
gluon structure of hadronic matter through measurements of quarddword distributions. In fact,
the modifications of these distributions brought about by nucleons bound sanucédium were
measured in groundbreaking experiments at SLAC, CERN and FHermimwever, some of the
crucial questions about the structure of hadronic matter remain open:

* What is thestructureof hadrons in terms of their quark and gluon constituents?

* How do quarks and gluorvolveinto hadrons through the dynamics of confinement?

* How do the quarks and gluons manifest themselves in the properties of atomic nuclei?
The term"structure" refers both to momentum distribution and to the spin carried by theusa
constituents. The answers to these questions are central totithataulcharacterization of the
microscopic structure of strongly interacting matter.

However, a complete understanding of QCD and its full implicatgwes beyond these questions.
The many-body aspects of QCD remain largely unexplored, and mdgirc@a variety of surprises

that can only be revealed by new measurements in domains thatamthave been inaccessible.
Finally, while today precision experiments test QED to itstépsimilar explorations of QCD are

incomplete because of the limitations in presently available iexgetal capabilities. Thus, there are
a second group of questions:

» Does partonic matter saturate in a universal high-density state?

* Are there any long range correlations between produced partons?

» Can studies of the dependence of the parton densities on the nuclegrtgdpsibnstrain the

properties of nuclear matter in the center of a neutron star?

* To what degree can QCD be demonstrated as an exact theory of the strongganera
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1.1.2 The Electron lon Collider at BNL: eRHIC

The electron-ion collider at BNL (eRHIC) is proposed as a means tanadtperimental answers to
all of these questionsThe design requirements are shaped by three decades of expalimork
carried out with stationary or fixed targets at high-energy ipbyfscilities such as SLAC, CERN,
DESY, and Fermilab. In addition, a significant amount of effort wagended at DESY to
investigate future polarized electron-proton (e-p) and unpolarizsdreh-ion (e-A) options. The
inherent limitations of these facilities points to the need fofaaility with the following
characteristics:

» Collider geometry where electron beams collide with beams of protons or ligheéawy iuclei,
» Wide range of collision energies (fromfucleon = 30 GeV to 100 GeV),

« High luminosity L = 16° cmi® s* per nucleon,

» Polarization of electron and proton spins, and

» Preferably, two interaction regions with dedicated, nearly hermetic, detect

Collider geometry offers two major advantages over fixed taglpetron-proton/ion (e - p/A)
studies. First, the collider delivers vastly increased energfyet collision, providing a greater range
for investigating partons with small momentum fractiagsafid their behavior over a wide range of
momentum transfer<)).

In DIS the accessible values wfare limited by the available collision center-of-mass energgr
example, collisions between a 10-GeV electron beam and nuclear beams of 1000w/ provide
access to values of as small as 3xI0 In a fixed target configuration a 2.1TeV electron beam
would be required to produce the same collision endligyre 1.1a-b shows the-Q? range possible
with the eRHIC and compares that range to the presently egplonematic region. The beam
energies assumed for the eRHIC are:

* 100 GeV/nucleon for nuclear beams,

* 50-250 GeV for polarized/unpolarized proton beams, and

* 5-10 GeV/c for polarized electron/positron beam.

The only electron-proton collider in existence is HERA, whiclinsted to unpolarized electron-

proton collisions. Thus, in the case of electron-nucleus and polaideeion-polarized nucleon
collisions the eRHIC is entering entirely new territory.
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Secondly, the collider geometry is far superior to fixed-targegperiments since it allows
examination of finaktates of the target. If one wishes to examine the fini @gments from the
struck nucleon or nucleus in fixed-target geometry, it is necessange a thin target so that the
fragments can escape the target and be detected. The tjeh reakes acquisition of adequate
statistics a serious problem. This is easily overcome Imgh-luminosity collider, where high
luminosity provides an adequate collision rate, and the boost acquireddgey fragments in the
collider mode makes them readily available for detection when separ@tethie beam.

High luminosities of the order of L=¥bcm? s* for electron-nucleon scattering, are a necessary and
crucial characteristic of the eRHIC. It corresponds to ohsgr8b pb' per day. Previous studies
established that significant results are attained at 200, (fi®refore the statistical precision required
for significant physics is easily within the reach of the @RHThis luminosity can be achieved with
either of two accelerator scenarios: a ring-ring configuratiad, a ring-electron linac configuration.
Each has advantages. Achieving the proposed luminosities requires electron cabknigofoeams
(except at the highest proton energies) and intense electrors befaabout 500 mA. While
challenging, the intense electron beams are already aeadalthe presently operating B-factories
(SLAC and KEK B). The electron linacs (one for cooling thebeam and another providing high-
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Figure 1.1x-Q° Range of the Proposed Electron lon Collider
The x-G coverage of the eRHIC is compared with previously measured ranges. Figure (g)dkfared
lepton - nucleon DIS while (b) is for unpolarized lepton-nucleon and lepton -usugls, where leptons
can be electrons or muons. Note that the HERA coverage in (b) is for e — pregaitéy while the fixed
target and the eRHIC regions also include DIS off nuclear targets.

energy electrons in the collider) require full-energy recoveltgwing the model of the full-energy
recovery 50 MeV linac-based free electron laser at Thomasyskaff Laboratory. Figure 1.2 shows
the unique parameters of the eRHIC in the context of existing andeal lepton scattering facilities
worldwide. The eRHIC will have higher energies than any existing tiaget machine and a higher
luminosity than any existing collider.

eRHIC ZDR 6



Chapter 1:Project Overview

X 10% /em®/sec

10 20
IIIIIII 1 1 IIl[[Il 1 T I!IIIIE 1 1 LI
10 13
2 . Meinz Jlab6
B 10 B EE J&bi2GeY
(=R Bates(ext)
£ 10 B B SLACSO
T ELFE
10'? W Bomn
13 Electron lon Collider
10 W Bates(in)
10 12
" CCJ.MPASS .
0 HERMEs W SMC HERA
10
10°

IIIIIII 1 III!IIII L IIiIIIIE 1 L1l

1 10 10°
CM Enerqgy (GeV)

Figure 1.2 The Center-of-Mass Energy vs. Luminosity of eRHIC Relti@ther Facilities
The center-of-mass vs. energy of various existing facilities compatieattproposed for the eRHIC

1.1.3 Highlights of Scientific Frontiers Open to the eRHIC

Quark and Gluon Distributions in the Nucleon

The eRHIC offers a unique capability for measuring "flaagged" structure functions by providing
access to a wide range of final states arising from trggmieatation of the virtual photon. The
collider geometry makes measurement of semi-inclusive reactenysefficient so that quark and
gluon distributions in nucleons, nuclei, and possibly even mesons can be nmappialor-tagged
mode. This will provide a decomposition of the parton densities, ovegea kinematic range, into
the contributions from different parton types: up, down and strang&sgaa well as gluons. For
example, with clean kaon identification both the momentum and spiibdigins of strange quarks
can be determined with high precision dowrxte 10%. The ability to tag the hadronic final state
will allow measurements of the neutron structure function at large that a reliable and precise
determination of the ratio of the quark distribution in neutrons and protonsecmade in a regime
where several competing theoretical predictions exist.

Spin Structure of the Nucleon

Fixed target polarized DIS experiments yielded the surprigifigrmation that the quark spins
account for only ~30% of the total spin of the nucleon. Recenttsesukh large uncertainty,
indicate that gluons may play a significant role in constitutiggriucleon's spin. While experiments
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with polarized protons at the Relativistic Heavy lon Collider ®Hwill provide significant
information for unraveling the role of gluonic spin, energetic siollis using polarized electrons and
protons will provide important complementary, and in some instancesitiassew information
using well established experimental methods and theoretical techrpoesently used by the DIS
community at HERA. The eRHIC, running at its highest enexgl/provide crucial data at lowex
than has been possible in any previous experiment. The use of taggwigrized nuclei will allow
measurement of the spin structure of the neutron at favgéh better precision. At smaX it will
provide a separation between the polarization effects in the vaamdnnonvacuum channels.
Determination of spin structure functions in this yet unmeasuredxlozgion will bring a unique
perspective to our understanding of pQCD. Direct measurement pbliuezation of quarks in a
broad range ok are needed to determine the polarization of quarks and antiquarke sea,
currently a matter of controversy within sophisticated and successful modelshotteen.

Correlations between Partons

A complete characterization of the partonic substructure of tHearumust go beyond a picture of
collinear non-interacting partons. It must include a description afdtrelations between the partons
densities over impact parameters, and a comparison of the parten fwactions of different
baryons. Progress in this direction can be realized by measardgexclusive processes where, in
the final state, a photon, a meson or several mesons are producethaleimual photon direction,
and a baryon is produced in the nucleon fragmentation region. These @soaesexpressed, as a
result of the new QCD factorization theorems, through a new ofagarton distributions termed
Generalized Parton DistributionfGPD). The collider kinematics are optimal for detecting ghes
processes. The presence of polarization provides additional exeppgrtunities, for example,
comparisons of the spin structure of hyperons and nucleons. If sutceash a program would
greatly expand our knowledge about the role of non-perturbative QCD in hadronic structure.

The Role of Quarks and Gluons in Nuclei

Most hadronic matter exists in the form of nuclei. The abilitthe eRHIC to collide electrons with
light and heavy nuclei opens horizons fundamental to nuclear physicsex&mple, the role of
guarks and gluons in nuclei may be investigated by comparing thgeshemparton distributions per
nucleon as a function of the number of nucleons. Seminal DIS experiafentslei showed that a)
the distribution of quarks is altered by the nuclear medium fl@nhdbserved in nucleons, b) led to
the discovery of the lack of enhancement of sea quarks in the nudlevabaexpected based on
models of the meson picture of nuclear forces, and c) provided targalzlications of significant
modifications of the gluon distributions at moderateStudies of parton modifications»at 0.1 will

be most sensitive to the underlying quark-gluon structure ofntieenucleon interactions that are
usually described within effective low energy mesonic theoridisis particularly important to
establish the quark distributions at small valueg where the presence of the other nucleons in the
nucleus will alter (“shadow”) the partonic distributions. A naclenhancement of valence quarks,
sea quarks, or gluons would indicate the relative importance of mesok, g gluon exchange at
various distance scales.
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Hadronization in Nucleons and Nuclei

How do the colored quarks and gluons knocked out of nucleons in DIS evolve irtoldhess
hadrons that must eventually appear? This process is one of #restlenanifestations of
confinement: the asymptotic physical states must be coloraheuHadronization is a complex
process that involves both the structure of hadronic matter and therdagg nonperturbative
dynamics of confinement. A fundamental question related to hadronization is how dmat extent
the spin of the quark is transferred to its hadronic daughters. Ty tbitag flavor” and a facility
that creates readily detectable jets are crucial for tgseriments. The eRHIC makes it possible to
strike quarks and observe the complete array of decay products from the nucleoews. ntihk fact
that nuclei also may be used is essential to this study. The ability tovpltgoey amounts of nuclear
matter in proximity to the system produced forward along the phditection and the recoiling
quark system, allows one to perturb in a controlled way the stadyes of its space-time evolution,
and to measure the energy imparted to the nuclear mattiee leynerging parton.

Partonic Matter Under Extreme Conditions

Very high energy DIS on nuclear targets with electromagretbes offers new opportunities for
studying partonic matter under extreme conditions. Particularly iniggsithe regime of very low

(x < 10°) where gluons dominate. Measurements of the proton structure furictioed that the
gluon distribution grows rapidly at smallfor Q* greater than a few G&V When the density of
gluons becomes large, they may saturate and give rise to a mewffpartonic matter: eolor glass
condensate. It is a colored glass because the properties of the coloatadugluons are analogous
to that of a spin glass system in condensed matter physissa ¢bndensate because the gluons have
a large occupation number and are peaked in momentum about a typieabthe saturation
momentunmQs.

This state of strongly interacting matter would be universdhat it is insensitive to the hadronic
matter in which it resides. The gluonic density/ésnenhanced in nuclei relative to that in individual
nucleons by a factor 'R Therefore, high parton density effects will appear at muchrlewergies
in nuclei than in protons. The eRHIC, with its nuclear beams a @enter-of-mass energies of at
least 60 GeV, and ability to study inclusive and semi-inclusiverebbles, will probe this novel
regime of Quantum Chromo Dynamics.

eRHIC ZDR 9



Chapter 1:Project Overview

1.2 General accelerator concept and parameters

1.2.1 Project Goals

The physics program outlined in the previous section sets requirements Eidigthee electron-ion
collider to be successful and efficient tool for intended physgmareh . These goals include wanted
luminosity level, range of beam collision energies and using padabieams. On the other side, to
be realistic, the goals should be based on the present understanding of the exi€ingaRine and
limitations which arise from the machine itself. Possibleisgal machine upgrades should be
considered to overcome existing limitations and to achieve advanaddnmgarameters, but those
upgrades should not be extensive and costly.
The intent to minimize required upgrades in the existing RHiGsraffects the choice of parameters
and the set of goals. Another guideline, which was defined for thgndésscribed in this report and
which affects the choice of the beam parameters and the vadghief’able luminosity, is capability
of the collider to operate in the same time with ion-ion andtreledon collisions. In the main
design line collisions in two ion-ion interaction regions, at the 6 awmidI8ck, have to be allowed in
parallel with electron-ion collisions.
Taking into account all mentioned above, following goals were defined for theratoeldesign:
* The machine should be able to provide the beams in following energy ranges:
0 The electron accelerator:
» 5-10 GeV polarized electrons;
* 10 GeV polarized positrons;
o The ion accelerator:
* 50-250 GeV polarized protons;
* 100 GeV/u Gold ions
* Luminosities:
o in 10°-10* cms™ range for e-p collisions
o in 10°-10** cm-2s-1 range for e-Au collisions
» 70% polarization degree for both lepton and proton beams
* Longitudinal polarization in the collision point for both lepton and proton beams

Additional goal for the design was to look at possibility of ameging polarized ions, especially
polarized *He ions.

1.2.2 General Layout

The present RHIC machine uses superconducting dipole and quadrupolesnageep ion beams
circulating in two rings on 3834m circumference. The beam enargyercovers 10.8-100 Gev/u for
Au ions and 25-250 GeV for protons. There are in total 6 intersectiorspehdre two ion rings,
Blue and Yellow, cross each other. Four of these intersection pofresently used by physics
experiments and have experimental detectors installed.

General layout of a suggested eRHIC collider is shown in FigjteThe main project line is to
construct an electron storage ring which will intersectRIRHC Blue ion ring in one of existing
interaction regions, not used by any of ion-ion collision experimeits.new detector, developed
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and optimized for electron-ion collision physics studies, shall be rootetl in that intersection
point.

5-10 GeV datic electron ring . recir culating linac injector

e-cooling

§ 5 EBIS BOOSTER

LINAC

Figure 1.3: Design layout of the eRHIC collider.

Electron beam in this design is produced by polarized eleswwance and accelerated in a linac
injector to the energies of 5 to 10 GeV. In order to reduce thdanjgice and , therefore, the injector
cost, the injector design includes recirculation arcs, so that ldwram beam passes same
accelerating linac sections multiple times. Two possiblgclidesigns, superconducting and normal
conducting, have been considered. The beam is accelerated by théolitee required collision
energy and injected into the storage ring.

The electron storage ring should be capable of storage the elecironabéhe energy range of 5 to
10 GeV with appropriate beam emittance values. It does not prowdadalitional acceleration for
the beam. The electron ring should minimize depolarization effects in orderptthieeelectron beam
polarization at the high level for the time of a store which is on the scale ofIdevens

The injector system also includes the conversion system forgogitoduction. After production the
positrons are accelerated to 10 GeV energy and injected intdotiages ring the same way as the
electrons. Obviously the field polarities of all ring magnets shbelgwitched to opposite at the
positron operation mode. Unlike electrons the positrons are produced wzgmbland have to be
polarized in the ring. Therefore the design of the ring shdlaa #or sufficiently small polarization
time. The current ring design provide polarization time about 20nii &eV. But with polarization
time increasing sharply as beam energy goes down the use ofgalpasitron beam in the present
design are limited to 10 GeV energy.
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The detailed description of the electron injector system, efecting and all issues relevant for their
design is presented in Chapter 2. It is important to note thatettteom accelerator design described
there is based on present day level of accelerator technatdggaes not require extensive R&D
studies. This, in fact, has been one of requirements for the main design line f@Rhis Z

In order to organize electron-ion collisions one of RHIC intéwaategions has to be reconstructed.
Figure 1.3 shows the design with electron accelerator locatE?l @tlock region . As discussed in
section 2.2 of this report another possible location for the electratesmtor and for electron-ion
collisions might be at 4 o’clock region. For collisions with electritiesion beam in the RHIC Blue
ring will be used, since the Blue ring can operate alone, even matthex ion ring, Yellow, being
down. The interaction region design which provides fast beam siepai@t electron and Blue ring
ion bunches as well as strong focusing at the collision point sided in Chapter 4. In the design,
another ion ring, Yellow, makes 3m vertical excursion around thesicolliregion, avoiding
collisions both with electrons and Blue ion beam. Interaction regiondeslspin rotators, in both
electron and Blue ion rings, with a goal to produce longitudinallgripad beams of electrons and
protons at the collision point.

Electron cooling system showed in Figure 1.1 is one of upgradese@dairion rings. The cooling
would be necessary to reach luminosity goals for electron coltisiith gold ions and low (below
150 GeV) energy protons. The electron cooling is an essentiabp&HIC upgrade for higher
luminosity in ion-ion collisions, RHICII, which would be realized on a time scaleréd¢he eRHIC.
Also the present design considers using a total ion beam current thighehe current being used at
the present RHIC operation. 360 bunch mode operation is evaluated iepbiit for the ion beam.
The electron cooling, the beam intensity increase as wplloagn and ion beam polarization issues,
are described in Chapter 3 of the report.

Another proposed electron accelerator design is described in Appen@ihafAdesign considers the
use of high current polarized electron beam accelerated to @olksiergies by a superconducting
energy recovery linac. In that case the electron beam is elit@ an interaction point directly from
the linac. The design results in a higher luminosity value butnegjintense R&D studies to develop
and test technologies for high current polarized electron source ghdbkam power energy
recovery.

1.2.3 Design Luminosities

The eRHIC design has been created and optimized to achieve luynigoals listed in previous
section The luminosity is limited mainly by maximum achievadam-beam parameters and by
interaction region magnet aperture limitations. Following thosgdimns it is most appropriate and
convenient to use a luminosity expression through beam-beam parafggtgrsand rms angular
spread in the interaction point{(, o..):

_ ¢ WV , o (@+KY
L= fc rr g(xig(yea-)qo-yeT (1.2)

e

The f, = 28.15 MHz is a collision frequency, assuming 360 bunches in thextba20 bunches in

the electron ring. The paramet&r g/ ox presents the ratio of beam sizes in the interaction point. One
of basic conditions which defines the choice of beam parametarseiguirement on equal beam
sizes of ion and electron beams at the interaction pojgt.oyi and gy~ . The requirement is
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based on operational experience of HERA collider and on the reasaomaipigon to minimize the
amount of one beam passing through strongly nonlinear field in owtsedeof the counter rotating
beam.

According to the expression (1.1) the luminosity reaches a limiahge at maximum values of
beam-beam parameters, or at beam-beam parameter limifgokmrs (an ions) the total beam-beam
parameter limit was assumed at 0.02 value, following the exyperiand observation from other
proton machines as well as initial experience from the RHICatipar With three beam-beam
interaction points, two for proton-proton and one for electron-proton collisities beam-beam
parameter per interaction point should not exceed 0.007.

For the electron (or positron) beam a limiting value of beam-beaamgter has been put at 0.08 for
10GeV beam energy, following the results of beam-beam sirounlédee Chapter 2), as well as the
experience from electron machines of similar energy rangeeShe beam-beam limit decreases
proportionally with the beam energy, the limiting value for 5 GeV is reduced to 0.04.

The available magnet apertures in the interaction regionpaisa limit on the achievable luminosity.
The work on the interaction region design revealed considerablatliéfgcto provide an acceptable
design for collisions of round beams. The IR design, described ipt€hd has been worked out to
provide low beta focusing and efficient separation of ellipticahfsgavith beam size ratio K=1/2.
The main aperture limitation comes from the septum magnet, wédcts lto the limiting values of
0,,=93urad .

Another limitation, which should be taken into account is a minimum aalgeptvalue of beta-
function at the interaction point. With the proton rms bunch length of 20cmeadeg3” well below
this number results in a luminosity degradation due to the hour-di@es. e The limiting value
B'=19cm has been used for the design, which results in hour-glass luminosity reductionatmwyiy
12%. 20cm bunch length for Au ions would be achieved with electron cooling.

Table 1.1 and Table 1.2 below show design luminosities and beam pasarmep®sitron beam is
supposed to be of similar to electron beam intensity (see Chaptlence the luminosities for
collisions involving positron beam are equivalent to electron-ion collision lumiessiti

To achieve the high luminosity with low energy setup in Table 1.1l¢o&ren cooling has to be used
to shrink normalized transverse emittance of lower energy proton teeammm.mrad. Also, in that
case the proton beam should have collisions only with electron beam.-proton collisions in
other two interaction points have to be avoided to allow for higher proton beam-beam @aramet
The maximum luminosity achieved at the present design is £2oh3s™ in high energy collision
mode (10GeV electron on 250GeV protons). Section 2.4.2 discusses a poshilttelpatinosities
(see Table 2.4.2-2) as high as™10with studies planned to explore the feasibility of higher eactr
beam intensity operation.

To achieve and maintain Au normalized transverse beam emittsimoes in Table 1.2 the electron
cooling will be used. For the lower energy setup of electron-goldsicols, the intensity of the gold
beam is considerably reduced because of reduced value of beam-beanetpadimit for the
electron beam.

Table 1.3shows parameters for possible electteiet® operation mode with He beam intensity
limited by electron beam-beam limit.
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Table 1.1. Luminosities and main beam parameters for electron(pogitotad collisions.

High energy setup Low energy setup
p e p e
Energy, GeV 250 10 50 5
Bunch intensity, 18 1 1 1 1
lon normalized emittance,
srmmUCmrad, x/y 15/15 5/5
rms emittance, nm, x/y 9.5/9.5 53/9.5 16.1/16]1 85/38
B*, cm, xly 108/27 19/27 186/46 35/20
Beam-beam parameters, x/y  0.0065/0.003.03/0.08 | 0.019/0.0095 0.036/0.04
K=¢y/&x 1 0.18 1 0.45
Luminosity, 1.e32 crfis™ 4.4 1.5

Table 1.2.Luminosities and main beam parameters for electron(positron)-Asgioni

High energy setup Low energy setup
Au e Au e
Energy, GeV/u 100 10 100 5
Bunch intensity, 18 0.01 1 0.0045 1
lon normalized emittance,
7T mmCmrad, x/y 6/6 6/6
rms emittance, nm, x/y 9.5/9.5 54/7.5 9.5/9.5 54/13.6
B*, cm, xly 108/27 19/34 108/27 19/19
Beam-beam parameters, x/\ 0.0065/0.080224/0.08| 0.0065/0.003 0.02/0.04
K=€,/€x 1 0.14 1 0.25
Luminosity, 1.e30 crfis™ 4.4 2.0

Table 1.3. .Luminosities and main beam parameters for electron(posi®ij-collisions.

High energy setup Low energy setup
He e He e
Energy, GeV/u 167 10 167 5
Bunch intensity, 18 0.7 1 0.18 1
lon normalized emittance, 10/10 10/10
7T mmCmrad, x/y
rms emittance, nm, x/y 9.4/9.4 48/13 9.4/9.4 48/13
B*, cm, xly 108/27 21/19 108/27 21/19
Beam-beam parameters, x/\ 0.0065/0.008.045/0.08 | 0.0065/0.003 0.02/0.04
K=€,/€x 1 0.28 1 0.28
Luminosity, 1.e32 crfis™ 3.1 0.8
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